This study attempted to test the threshold hypothesis in second/foreign language (L2) reading by investigating the relations among first language (L1) reading, L2 knowledge, and L2 reading comprehension in a sample of 2666 (1333 males and 1333 females) Korean EFL high school students. Three different methods of data analysis were utilized after closely looking into the methods of data analysis of the current literature on a language threshold. Statistical analysis revealed that the contribution of L1 reading and L2 knowledge to L2 reading was significant and substantial in the main and interaction effects, accounting for 54 percent of variance of L2 reading comprehension in tandem. However, the correlation of L1 reading to L2 reading showed, in general, a decreasing trend in accordance with the improvement of L2 knowledge, which is in contrast with the notion of a threshold level. This result of a language threshold was discussed in terms of a broad construct of language transfer and the interactive approach to reading in an L2.
Introduction
Since the trailblazing research on the linguistic threshold hypothesis to investigate the influence of bilingualism on cognitive development and academic success (Cummins, 1979) , attempts have been made to determine whether L1 reading ability can be transferred to L2 reading ability. The transferability of L1 reading to L2 reading has been discussed with the center of the short-circuit hypothesis or the threshold hypothesis (Alderson, 1984; Clarke, 1980) . Regardless of the crucial importance of the threshold hypothesis in L2 reading, empirical studies to test the hypothesis have been regrettably limited and the findings, to date, have been surprisingly conflicted each other (Ardasheva et al., 2011; August, 2006; Bernhardt & Kamil, 1995; Bossers, 1991; Carrell, 1991; Jiang, 2011; Lee & Schallert, 1997; Park & Chae, 2000; Pichette et al., 2003; Taillefer, 1996) . The conflicting findings might be in part attributable to L2 readers' native language that was intricately interwoven with other confounding variables including proficiency level, reading task, and learning context, and in part attributable to the lack of research methods used to test the hypothesis. Thus, more studies should be undertaken to shed further light on how skills and strategies of L1 reading transfer to L2 reading by using more complete research methods among L2 learners of different L1, at different proficiency levels, and in different learning contexts.
The main purpose of the present study was to test the threshold hypothesis by calculating the relations of L1 reading, L2 knowledge, and L2 reading comprehension according to various L2 knowledge levels among English as a Foreign Language (EFL) learners in Korea. Another purpose was to classify previous studies on a threshold level based on the methods of data analysis and interpretation which have often been the center of conflicting findings. The following three research questions were raised to guide the study:
(1) What is the influence of L1 reading and L2 knowledge in L2 reading comprehension for the whole group?
(2) Is the influence of L1 reading and L2 knowledge in L2 reading comprehension different when the whole group is divided into two groups according to L2 knowledge? Cummins (1979) proposed the threshold hypothesis in bilingualism which holds that a bilingual child's linguistic competence mediates the effect of his or her cognitive development and bilingual learning. Extrapolating this notion to L2 reading comprehension, Alderson (1984) contended that "Poor foreign language reading is due to reading strategies in the first language not being employed in the foreign language, due to inadequate knowledge of the foreign language." (p. 4) In other words, lack of L2 linguistic knowledge "short circuits," or interferes with transferring well developed L1 strategic knowledge to L2 reading comprehension (Clarke, 1980) . In order to investigate the notion of the threshold hypothesis, researchers have entertained the idea of a "reading problem" or a "language problem" as a way of understanding L2 reading (Alderson, 1984; Carrell, 1991) . Three different methods of data analysis and interpretation have been utilized to examine the existence of the hypothesis. The first method is to investigate the relative importance of L1 reading and L2 knowledge in L2 reading comprehension by performing regression analysis using the whole group of the sample. The contention is that the role of L2 knowledge should be significant in L2 reading and be bigger than that of L1 reading in L2 reading comprehension to support the threshold hypothesis. Otherwise, the data may support the linguistic interdependent hypothesis which posits that L2 reading is like L1 reading at the fundamental core because knowledge of L1 reading can be transferred to L2 reading across L2 proficiency levels (Alderson, 1984; August, 2006; Bernhardt & Kamil, 1995; Carrell, 1991; Jiang, 2011) . Of note is that the first method of data analysis and interpretation provides only the potential existence of a threshold level, with no indication of a hypothetical threshold level in L2 reading, let alone an actual level of a language threshold. The contribution of L1 reading and L2 knowledge to L2 reading in this method of investigating the threshold hypothesis can be schematized as the following formula:
Background
(1) L2 knowledge > L1 reading One of the positive evidences to a language threshold was provided by Bernhardt and Kamil (1995) who examined the contribution of English reading to Spanish reading according to the amount of exposure to the second language in a sample of 187 college students learning Spanish in the USA. The students were at three different levels of Spanish: beginning, intermediate, and advanced levels. Results showed that even though both English reading and Spanish level contributed to Spanish reading comprehension significantly, Spanish levels contributed to Spanish reading more than English reading did, with the total variance of 48 percent in Spanish reading comprehension.
More recently, Jiang (2011) investigated L2 reading comprehension ability as a function of L1 literacy and L2 proficiency among 246 Chinese EFL university students. L1 literacy and L2 proficiency were determined by the Chinese and English subtests of college entrance exam, whereas L2 reading ability was measured by the reading comprehension section of the Test of English as a Foreign Language (TOEFL) and an English passage developed by the author. Results showed that Chinese literacy and English proficiency together accounted for 27 percent of variance of TOEFL reading comprehension and 40 percent of variance of English passage, and that English proficiency was more contributive to the TOEFL and the author-developed English passage than Chinese literacy, supporting the threshold hypothesis.
Other studies were not in line with a language threshold level. For instance, by introducing the insightful formula of "L2 reading = L1 reading + L2 proficiency level, " Carrell (1991) investigated the role of reading ability and language proficiency in L2 reading comprehension using 45 English learners of Spanish speakers in levels 3, 4, and 6, and 75 Spanish learners of English speakers in levels 2, 3, and 4. Each group was asked to answer multiple choice questions after reading two English reading passages and two Spanish reading passages. The results of data analysis showed that the roles of the regressors were significant in L2 reading comprehension, explaining about 35 percent of the dependent variable for the Spanish L1 group and about 53 percent of the dependent variable for the English L1 group. In addition, L2 proficiency was more contributive to L2 reading comprehension than L1 reading ability for the English L1 group. However, for the Spanish L1 group, the reverse was true. That is, L1 reading ability was more contributive to L2 reading comprehension than L2 proficiency, providing conflicting evidence concerning a threshold level.
In a study investigating the relations of L1 reading to L2 reading and L2 grammar to L2 reading among 55 native Spanish-speaking ESL students in college, August (2006) found the significant correlations between variables with the coefficients ranged between .309 and .341. In a simple regression, the contribution of L1 reading to L2 reading was slightly bigger than the contribution of L2 grammar to L2 reading, supporting the linguistic interdependence hypothesis rather than the threshold hypothesis. In short, the contribution of L1 reading and L2 knowledge to L2 reading comprehension using the whole group of the sample provided conflicting findings in relation to the threshold hypothesis.
The second method of testing the threshold hypothesis is to investigate the relative importance of L1 reading ability and L2 knowledge in L2 reading comprehension by performing regression analysis at two different levels (Bossers, 1991; Park & Chae, 2000; Pichette et al., 2003; Taillefer, 1996) . The threshold hypothesis will be supported if L1 reading plays a prominent role in L2 reading for the high proficient L2 readers, but L2 knowledge plays a prominent role in L2 reading for the low proficient L2 readers. This contention is schematized as the following formula:
(2) The low proficiency group: L1 reading < L2 knowledge
The high proficiency group: L1 reading > L2 knowledge Other possible combinations of relations between these two variables at the low and high proficiency groups are not consistent with the threshold hypothesis. The problem with this method is that even though this method of data analysis and interpretation reveals a hypothetical threshold level, it fails to reveal more specifically where an actual threshold level is in the continuum from the lowest to the highest level of L2 proficiency.
One of the positive evidences to the threshold hypothesis was found by Bossers (1991) who examined the relations among L1 reading ability, L2 knowledge, and L2 reading comprehension in a sample of 50 native speakers of Turkish learning Dutch as a second language. He found that for the least skilled L2 readers, only L2 knowledge significantly contributed to L2 reading comprehension, together accounting for 46 percent of variance of L2 reading comprehension. However, for the most skilled readers, only L1 reading significantly contributed to L2 reading, together accounting for 34 percent of variance of the dependent variable.
Another positive evidence pertaining to a language threshold was provided by Pichette et al. (2003) who investigated whether L1 reading skills have to be kept active if these skills are to be transferred to L2 reading comprehension using 52 Bosnians learning French as an L2. In a longitudinal study for a period of one year at Time 1 and Time 2, they found that the contribution of L2 knowledge to L2 reading was dominant at Time 1, and that the contribution of L1 reading was dominant at Time 2, supporting the threshold hypothesis. Another interesting finding of this study was that maintaining L1 reading enhanced the transfer of L1 reading skills and strategies.
Regardless of the aforementioned positive evidence to a language threshold, negative evidence to the hypothesis was also found. Taillefer (1996) examined the interaction of L1 reading and L2 proficiency in L2 reading comprehension among 53 EFL university students in France who were divided into two groups by L2 proficiency. L1 and L2 reading comprehension scores were measured by relatively easy scanning exercises and difficult receptive reading exercises, whereas L2 proficiency was determined by the grammar and vocabulary sections of the TOEFL and a cloze test. Statistical analysis showed that the role of L2 proficiency in L2 reading was bigger than that of L1 reading in L2 reading in receptive reading exercises for the high L2 group, but that the role of L1 reading in L2 reading was bigger than that of L2 proficiency in L2 reading in scanning exercises for the high L2 group. The roles of L1 reading and L2 proficiency in L2 reading were not statistically significant in the receptive and scanning exercises for the low L2 group, providing evidence that was not in accord with the threshold hypothesis.
Additional negative evidence was provided by Park and Chae (2000) who examined the contribution of L1 reading ability and L2 proficiency to L2 reading comprehension using 340 Korean EFL high school students who were divided into two groups based on L2 knowledge measured by knowledge of grammar and vocabulary. L1 and L2 reading comprehension was determined by the Korean and English subtests of the practice version of the Korea College Scholastic Ability Test. Results showed that both independent variables together explained 30 percent of variance of English reading comprehension, and that English reading comprehension owed more to English knowledge than to Korean reading ability. In short, the second method of examining the threshold hypothesis identified by two different levels of L2 proficiency provided contradictory results of the possible transfer of L1 reading to L2 reading beyond a hypothetical language threshold.
The third method of testing the threshold hypothesis is to calculate the correlations between L1 and L2 reading comprehension at various levels of L2 proficiency. This method assumes that the correlations between these two variables are higher above a threshold level, but lower below a threshold level, as summarized in the following formula:
(3) Below a threshold level: Low correlations between L1 and L2 reading Above a threshold level: High correlations between L1 and L2 reading www.ccsenet.org/elt English Language Teaching Vol. 6, No. 12; 2013 This method of data analysis and interpretation is more complete than the previous two methods because it can reveal where an actual threshold level is, a focal point of research in the threshold hypothesis. Nevertheless, the potential drawback is that this method requires a large number of participants to divide the whole group into several levels, say, seven or ten, of L2 proficiency.
The only study that utilized the third way of data analysis was undertaken by Lee and Schallert (1997) Overall, research efforts have been made to investigate the threshold hypothesis which holds the transferability of strategic knowledge of L1 reading to L2 reading beyond a threshold level, utilizing different methods of data analysis and interpretation. However, the results of previous studies have shown conflicting results across studies undertaken by using L2 learners of different L1, at different proficiency levels, and in different learning contexts. The notion of a language threshold should be taken into consideration under the notion of language transfer which consists of positive transfer and negative transfer (Brown, 2007a; Ellis, 2008) . Then, more studies should be conducted using more complete methods to understand how L2 learners of different L1 and L2 proficiency transfer strategic knowledge of L1 reading to L2 reading comprehension in different learning contexts.
Methods

Participants
A total of 2666 high school students, who applied to a university in Korea, were used as participants of this study. The participants were aged 19 on average and consisted of 1333 males and 1333 females. They were randomly selected from 7098 applicants who took the tests of Korean reading, English reading, and mathematics in order to enter the university.
At the time the participants applied to the university, they had studied English in public school for a composite of 10 years: six years in secondary school for about three to four hours per week and four years in elementary school for about one hour per week. It should be noted that in consideration of the prestige of the university, the participants' level of Korean reading, English knowledge, and English reading was presumably above the norm. Nevertheless, it was assumed that the participants would show individual differences in these subjects depending on the time and efforts they had invested both inside and outside the classroom (Hong-Nam & Leavell, 2007) .
Instruments
Three research instruments developed to screen out students who applied to a university were used to collect the data: The Korean reading test, the English reading test, and the English knowledge test. These tests were developed by test specialists consisting of six professors and two high school teachers in a special task for two weeks. In developing test items, the test specialists were advised to consider the high school curriculum of each subject as well as the examinees' Korean and English reading comprehension levels which were presumed above the norm compared with other high school seniors.
The Korean and English reading tests were chosen for this study because there were similarities in these two tests pertaining to item numbers and items types. Each of these tests consisted of 50 items covering four item types: Vocabulary, grammar, factual information, and inferential information. More specifically, the Korean reading test consisted of 6 items of vocabulary, 9 items of grammar, 5 items of factual information, and 30 items of inferential items, whereas the English reading test was comprised of 10 items of vocabulary, 5 items of grammar, 8 items of factual information, and 27 items of inferential information.
It should be noted that out of the 50 items in the English reading comprehension test, only 35 items were used to determine students' English reading comprehension ability. The other 15 items which were developed to measure English vocabulary and English grammar were used to measure students' English knowledge, as per the recommendation of other researchers who attempted to examine a language threshold (Lee & Schallert, 1997; Pichette et al., 2003) . All the three instruments were measured using multiple choice questions because regardless of a potential validity problem of a multiple choice question, it has advantage over other methods of testing in terms of reliability, being most commonly used worldwide in a reading comprehension test (Carrell, www.ccsenet.org/elt English Language Teaching Vol. 6, No. 12; 2013 1991; Salkind, 2006) .
Data Collection and Data Analysis
The author contacted the university staff in charge of developing both the Korean and English reading comprehension tests, explained the purpose of this study, and asked for the data. After getting allowance from a university meeting, the university staff transmitted the data to the author on condition that the name of the university should be anonymous, and that the data should be used for research purposes only. After obtaining the data, the author closely examined the data, excluded any data that contained missing information, and randomly chose 2666 data with 1333 males and 1333 females. The data were analyzed by performing Pearson product-moment correlations and regression analyses using SPSS 19.
Results
The statistical analysis of the main variables was performed from various angles with the center on research questions raised above. In order to contextualize the results of data analysis, the mean scores and standard deviations of the variables of the whole group were calculated and reported in Table 1 . The English reading test was more difficult (m=42.00 out of 70) and highly dispersed (SD=10.87) than the Korean reading test (m=69.93 out of 100; SD=9.837). The mean score and standard deviation of English knowledge as determined by the scores of vocabulary and grammar were 16.38 and 5.780, respectively. Considering the mean scores and standard deviations of all the variables, these scores were considered variable enough for subsequent statistical analyses.
In an answer to Research Question 1, a regression analysis was performed using the whole group of the sample (n=2666) with Korean reading ability and English knowledge as regressors, or independent variables, and English reading ability as a dependent variable. In order to answer Research Question 2, a regression analysis was run again as Korean reading ability and English knowledge as regressors and English reading ability as a dependent variable at two different levels. The students' level of English reading comprehension was divided into two groups─the low group and the high group─to investigate the roles of Korean reading ability and English knowledge in English reading comprehension. The English reading score of 41 was chosen to divide the whole group. That is, those who scored lower than 41 out of 70 of English reading comprehension were considered as the low group of English reading, whereas those who scored higher than 41 were considered as the high group. The mean scores and standard deviations of variables of the low and high groups of English reading comprehension and the result of a regression analysis of the two groups are shown in Table 3 and In an answer to Research Question 3, the correlations between English reading ability and Korean reading ability at various levels of English knowledge were investigated. For this investigation, the participants were divided into seven subgroups (G1 -G7) according to their English knowledge levels. Specific care was taken in dividing the groups because the results of subsequent data analysis were partly subject to the ways of group division. Every increment of four points of English knowledge was chosen in group division except the lowest group (G1) and the highest group (G7), where six-point increments were chosen because of the relatively limited number of the participants in these two groups. Table 5 shows the mean scores and standard deviations of the seven groups, followed by the correlations between Korean reading ability and English reading ability of each group. Even though the correlations between these two variables were significant in all the groups (p<.05), the correlation coefficients became, in general, smaller when English knowledge level increased. These correlations between Korean reading and English reading are graphically displayed in Figure 1 . 
Discussion
One of the findings of the present study that investigates the threshold hypothesis in L2 reading was made by analyzing the data using the whole group of the sample. Both regressors, L1 reading and L2 knowledge, played significant roles in the criterion variable of L2 reading comprehension, accounting for about 54 percent of the variance of the criterion variable in tandem. This shared variance between the regressors and the criterion variable provided evidence that L2 reading comprehension was a function of L1 reading and L2 knowledge. In addition, the contribution of L2 knowledge to L2 reading comprehension was bigger than that of L1 reading when the data were analyzed among the whole group. This finding is consistent with the aforementioned first formula schematized as following and supporting the threshold hypothesis:
(1) L2 knowledge > L1 reading
The finding of this study is consistent with some studies where the contribution of L2 knowledge to L2 reading was bigger than the contribution of L1 reading to L2 reading (Bernhardt & Kamil, 1995; Jiang, 2011) . Researchers contended that when the contribution of L2 knowledge to L2 reading is bigger than the contribution of L1 to L2 reading, the threshold hypothesis is supported in comparison with the linguistic interdependence hypothesis where the role of L1 reading in L2 reading comprehension is bigger than the role of L2 knowledge in L2 reading (August, 2006; Bernhardt & Kamil, 1995) . However, care must be taken before making a hasty conclusion because the idea of the significant and dominant contribution of L2 knowledge to L2 reading comprehension is necessary, but not sufficient to support the threshold hypothesis. When the data are analyzed using the whole group of the sample, it provides no evidence about a hypothetical threshold level, not to mention an actual threshold level which is a fundamental and crucial point of discussion of the threshold hypothesis.
Another finding of this study was made possible by analyzing the data using two groups of the sample based on L2 reading. For the low level of L2 reading, the importance of L1 reading outweighed that of L2 knowledge in L2 reading comprehension. Conversely, however, the importance of L2 knowledge outweighed that of L1 reading for the high level of L2 reading. This finding is unique and distinct from other studies conducted by dividing the whole group into two levels of L2 knowledge or L2 reading (Bossers, 1991; Park & Chae, 2000; Pichette et al., 2003; Taillefer, 1996) . In spite of the theoretical insight of the threshold hypothesis which holds that poor L2 reading is due to poor L2 knowledge which short circuits L1 reading, the empirical finding of this study is not in line with the second formula which is schematized as following:
The high proficiency group: L1 reading > L2 knowledge
The potential problem of data analysis and interpretation by analyzing the data using two levels of the sample is that even though the data reveal a hypothetical threshold level, the data do not reveal an actual threshold level because the level is chosen arbitrarily. In other words, the arbitrary division of a variable on the basis of L2 knowledge (Park & Chae, 2000; Pichette et al., 2003) or L2 reading (Bossers, 1991; Taillefer, 1996) will not www.ccsenet.org/elt English Language Teaching Vol. 6, No. 12; 2013 reveal where an actual threshold level is. Furthermore, caution should be exercised in the interpretation of the results of data analysis because when dividing a variable into two, the variance of the divided variable, say, L2 knowledge or L2 reading, will be cut in half, which will limit the variance explained by the regressors and the criterion variable.
A third finding of this study was made by dividing the whole group into seven groups on the basis of L2 knowledge level. The finding was that the correlations between L1 reading and L2 reading showed, in general, a decreasing trend rather than an increasing trend according to the improvement of L2 knowledge. This finding is in contrast with a previous finding (Lee & Schallert, 1997) and the third formula schematized as following:
(3) Below a threshold level: Low correlations between L1 and L2 reading Above a threshold level: High correlations between L1 and L2 reading Worthy of note is that calculating the correlations between L1 and L2 reading at various levels of linguistic knowledge is a better method than performing regression analysis using either a whole sample or two-group samples. The reason is that it can be better understood where an actual threshold level of L2 reading falls by calculating the correlations of L1 and L2 reading in the continuum of L2 knowledge level from the lowest to the highest.
Given the findings of the present study, it is safe to conclude that contrary to the first finding of the present study, the threshold hypothesis in L2 reading comprehension was not supported. The next question is to speculate the potential reasons for debunking the notion of a threshold level which is crucial to understanding how L2 readers take advantage of their L1 reading and L2 knowledge in L2 reading. The best speculation is that the notion of the threshold hypothesis may not be applied to a situation where L1 and L2 is noticeably different from each other in linguistic systems including orthography, vocabulary, pronunciation, syntax, and discourse. That is, Korean and English are so different in linguistic systems that Korean students' well-developed Korean reading skills and strategies may not be as transferrable to English reading as may other English learners' native language reading skills and strategies. In this sense, the notion of the threshold hypothesis should be understood under the more general construct of language transfer which consists of positive transfer and negative transfer, or interference (Brown, 2007a; Ellis, 2008) . Positive transfer occurs when previous knowledge contributes to subsequent performances, while negative transfer occurs when previous knowledge impedes subsequent performances. When students of L1, which is different from L2 in linguistic systems, read L2 texts, negative transfer rather than positive transfer may occur and strategic knowledge of L1 reading may not transfer to subsequent performances of L2 reading. Thus, contrary to the findings by Lee and Schallert (1997) , it is not surprising to discover that the findings of this and other studies provided negative evidences to a language threshold which may be relative and subject to other variables (Park & Chae, 2000; Takakuwa, 2005) .
Nevertheless, it is surprising to find that the correlations between L1 reading and L2 reading showed, in general, a decreasing trend rather than an increasing trend as the level of linguistic knowledge improved. This might be because the contribution of linguistic knowledge to L2 reading improved in accordance with the improvement of L2 knowledge, as shown in the dominant role of L2 knowledge in L2 reading for the high group in Table 4 and the significant interaction effect between L1 reading and L2 knowledge in the F-statistic. This finding supports the interactive model of L2 reading which posits that L2 readers use both the schema-driven top-down approach and the language-driven bottom-up approach in the processing of L2 text, and that L2 reader's schema and L2 knowledge are compensating for each other when necessary in reading in an L2 (Brown, 2007b; Stanovich, 1984) . Thus, the decreasing correlations between L1 reading and L2 reading according to the improvement of L2 knowledge might be due to the decreasing role of L1 reading in L2 reading, which might be compensated for by the increasing role of L2 knowledge in L2 reading.
Conclusion
This study explored the threshold hypothesis in L2 reading comprehension and made several important findings which provided theoretical and practical implications. Theoretically, regardless of the theoretical insight of the threshold hypothesis on L2 reading, the data of this study did not support the threshold hypothesis. The reason for the rejection might be that a threshold level was subject to many variables including the similarity between L1 and L2 in linguistic systems. This variable together with other confounding variables including L2 proficiency level, the difficulty level of a task, and learning context would interact with each other and influence a threshold level. What makes more complex about a language threshold is that it is relative rather than absolute with various threshold levels in L2 reading depending on aforementioned several variables, which makes the results of research inconsistent and unpredictable (Cummins, 1979; Takakuwa, 2005) . Practically, in spite of the negative evidence to the notion of a threshold level, L1 reading and L2 knowledge exerted significant roles in L2 reading comprehension. Thus, language teachers should teach L2 reading comprehension in the classroom with an emphasis on language-based approaches and strategy-based approaches which are in interactive and compensatory relations. How language teachers should teach reading comprehension on the basis of these approaches to L2 reading is beyond the scope of this study, but these approaches are well documented in the literature of teaching L2 reading skills (Brown, 2007b) .
Regardless of the important findings and implications, the present study has limitations concerning two points. First, the findings of the present study were made by analyzing the data collected among Korean EFL high school students, and thus generalizing these findings to other learners of different native language, different proficiency levels, and different learning contexts should be made with caution. Second, the participants' English reading proficiency of the present study was presumably above the norm, but their English proficiency was unclear because they did not take a standardized English proficiency test. Thus, more studies on a language threshold in L2 reading comprehension should be undertaken across native language, proficiency level, and learning context until consistent and replicable findings are made.
